The Roaring Creek watershed in central West Virginia was known to be impacted by historic coal mining. However, the current degree of the environmental degradation within the watershed was not known. A partnership between the National Mine Land Reclamation Center (NMLRC), the West Virginia Department of Environmental Protection-Division of Water and Waste Management (WVDEP-DWWM), and Trout Unlimited (TU) was formed to assess the impacts of nonpoint-source pollution in the Roaring Creek watershed. Water chemistry, water quantity, and benthic data were gathered four times between 2009 and 2010. The results of this data show that almost all of the mining impacts within the watershed were found in one tributary called Kittle Hollow. Due to these findings, Kittle Hollow was targeted for further sampling. Multiple mine drainage sources were sampled in order to prioritize them for passive treatment. This collected data will be used to develop a watershed-based plan, which will represent the end of the assessment process. Currently, the plan is being written and the remediation projects are in the design phase. Once these projects are completed, they are expected to remove 80% of the metal and acid loads from each mine discharge. The ultimate goal of the watershed assessment process is to improve the quality of the existing trout fishery in Roaring Creek as well as extend the territory in which trout can thrive. It is anticipated that the reclamation of Kittle Hollow will allow the entire Roaring Creek watershed to function as a successful fishery.
Introduction

Watershed Description
The Roaring Creek watershed is located in central West Virginia in Randolph County (Fig. 1) . It is 75 km 2 (29 mi 2 ) and drains directly to the Tygart Valley River. This watershed is mostly rural with the two largest settlements being the towns of Coalton and Mabie. Part of the mainstem (from Coalton to the mouth) of Roaring Creek, as well as Kittle Hollow, located west of Coalton, and is on the 1998 EPA 303(d) list of Impaired Streams for acidity, Fe, and Al.
In the lower portion of the watershed, the Lower Kittanning coal seam has been mined extensively. The majority of the mining performed in the Roaring Creek Watershed was underground mining, although some surface mining has occurred in recent years. Water quality from underground mines in this coal seam varies; however, it often has high Fe content and low pH. Figure 2 shows the delineation of the Roaring Creek watershed. Because the mining-affected sections of Roaring Creek are not heavily impacted and some parts of the watershed are unimpacted by mining, this watershed was viewed as a candidate for removal from the 303(d) list of Impaired Streams. One tool that can be used to aid in the removal process is a watershed-based plan (WBP).
Watershed-Based Plan Description
One of the most common methods of funding reclamation work is through Section 319 of the 
Methods
The assessment process for the Roaring Creek watershed can be divided into three phases.
Phase 1 consisted of the initial formation of the partnership between the three entities and identification of major sources of mining impacts. Phase 2 was the development and implementation of a sampling plan to gather data from major sources of mine drainage found during Phase 1. Phase 3 included the analysis of the sample data collected under Phase 2.
After the data has been analyzed, it will be used to determine which mine drainage sites need to be reclaimed first; it will also aid in the design of passive reclamation systems. The WVDEP DWWM then approached WVWRI with the idea of reclaiming this watershed.
WVWRI wrote a grant to the WVDEP DWWM for Section 319 funding to create a watershedbased plan. After the grant was approved, this initial partnership created an inventory of problem sites to be used to develop a sampling plan in Phase 2. Using the inventory of problem sites as a guide, potential sampling points were rated based on degree of impairment. To aid in this rating, field parameters including pH, conductivity, dissolved oxygen, and temperature were collected. A threshold value of pH<5 was used to determine if a site warranted further sampling because streams un-impacted by mining in this region of West Virginia typically have a pH value between 5 and 8. The location of each site was also determined using a hand held GPS. For Phase 1 of this project, the mouth of Roaring Creek and the mouths of its major tributaries were selected to determine the degree of impairment for each stream segment. Field parameters were also collected on 8 abandoned mine land discharges and one instream point in the Kittle Hollow subwatershed. Figure 3 shows the instream field parameter collection points for Phase 1.
Historic data was also collected as part of Phase 1. measured at every location on every date that a sample was collected. Sample chemistry for all sites consisted of a filtered acidified sample for Fe, Al, Mn, Mg, and Ca. A non-acidified, nonfiltered sample was collected for pH, acidity, alkalinity, conductivity, and SO 4 . In addition to water samples, the collection of benthic macroinvertebrate organisms was used to determine baseline water quality. Benthic collection was performed by disturbing the rocks and sediment in the stream bed and catching the organisms released from the rocks in a 1 m 2 net. These organisms were counted and categorized by species. Once sampling is complete, AMD sites will be selected for the installation of passive treatment systems. Passive treatment will begin upstream and proceed downstream to enable the most efficient use of funding. Passive treatment systems will be designed to remove 80% of the acid and metal loads within the discharge. Previous remediation projects of this type have efficiently removed 80% of metal and acid loads; this percentage has been deemed as the most efficient use of funding sources. The WBP will also be completed to allow for future Section 319 funding.
Results
Water quality data collected during 2009-2010 was analyzed and used to assess the overall health of the Roaring Creek watershed. Each site was sampled four times during [2009] [2010] .
Mean values for all Roaring Creek instream water chemistry sample sites are presented in Table 1 . 
Discussion
Analysis of the data helped the research team to determine the overall health of Roaring
Creek. For example, Kittle Hollow was determined to be the main source of mine drainage within the watershed. Samples taken upstream of the confluence of Kittle Hollow and Roaring
Creek were of a much better quality than those taken downstream of the confluence. This can be seen in Table 4 . The highlighted values show large changes in pH, acidity, and metal concentrations downstream of the confluence of the two streams. The result of this finding was that Kittle Hollow was selected as the subwatershed in which the majority of reclamation would occur. Analysis of the data also showed that most of the subwatersheds within Roaring Creek were of a fairly good quality (Table 1) . Six of the nine tributary mouth sample sites had excess alkalinity as evidenced by negative acidity values. Metal concentrations were also low at these sites. Of the three tributaries that were acidic, none had an acidity concentration greater than 17 mg/L (Table 1) . Similar to the alkaline streams, metal concentrations were also low in these streams, with no concentrations of Al, Fe, or Mn > 2.5 mg/L.
The majority of the benthic macroinvertebrate sample points within the watershed fell within the upper section of the marginal range with an average score of 16 (Table 3) . Although no sites had a score in the optimal range and only five sites had a score within the suboptimal range, evidence of fish within the watershed were found. Both anecdotal evidence from MCTU volunteers and observations of fish during sampling times showed that the watershed could support a fish population. The majority of optimal WVSCI scores were found in the headwaters of Roaring Creek. Both sites 13 and the south tributary of 14 had a WVSCI score of 20. These are also the two sites where fish were observed during sampling.
Completion of the sampling allows for Phase 3 of the project to begin. The WBP will be completed and submitted to EPA. Once this occurs, further funding from Section 319 and other sources will be applied for. A passive treatment system at the most upstream site (the Southernmost Portal site) will be designed. Pre-construction sampling will occur concurrently with the design process in order to ensure the most efficient use of funding. After design, the project will then be constructed and post-construction monitoring will occur in order to gauge system performance.
Conclusion
The Roaring Creek watershed in central West Virginia was known to be impacted by historic coal mining. However, the watershed needed to be assessed to determine the degree of degradation. A partnership between the WVWRI, WVDEPDWWM, and MCTU was formed to assess the water quality of Roaring Creek.
Forty sample sites were chosen to assess the water quality and quantity of Roaring Creek.
Water chemistry, water quantity, and benthic data were gathered four times within a one year period. Samples were taken in spring, summer, and autumn. Analysis of the water quality data showed that the overwhelming majority of mine drainage within the watershed was found in the Kittle Hollow subwatershed.
Due to these findings, eight mine drainage sample sites within Kittle Hollow were added to the sampling plan. The site known as Southernmost Portal was chosen as the first site to be reclaimed.
